APPLICATION UNDER UNITED STATES PATENT LAWS 



Atty. Dkt. No. PW 282823 

(IV1#) 

Invention: MASK HANDLING APPARATUS, LITHOGRAPHIC PROJECTION APPARATUS DEVICE 

MANUFACTURING METHOD AND DEVICE MANUFACTURED THEREBY 

Inventor (s): Johannes Hubertus Josephina MOORS 

Vadim Yevgenyevich BANINE 
Martinus Hendrikus Antonius LEENDERS 
Henri Gerard Cato WERIJ 
Hugo Matthieu VISSER 
Gerrit-Jan HEERENS 
Erik Leonardus HAM 
Hans MEILING 
Erik Roelof LOOPSTRA 
Sjoerd Nicolaas Lambertus DONDERS 



E.= hi 



fTil 



Pillsbury Winthrop LLP 
Intellectual Property Group 
1600 Tysons Boulevard 
McLean, VA 22102 
Attorneys 

Telephone: (703) 905-2000 



This is a: 

□ Provisional Application 
El Regular Utility Application 

□ Continuing Application 

S The contents of the parent are incorporated 
by reference 



□ PCT National Phase Application 

□ Design Application 

□ Reissue Application 

□ Plant Application 

□ Substitute Specification 
Sub. Spec Filed 



□ 



in App. No. 



/ 



Marked up Specification re 
Sub. Spec, filed 



In App. No 



/ 



SPECIFICATION 



Documents 



PAT-100 8/00 



P-0204.020 



- 1 - 




10 



20 



M/\SK HANDLING APPAR/\TUS, LITHOGRAPHIC PROJECTION APPARATUS, 
DEVICE MANUFACTURING METHOD AND DEVICE M/VNUFACTURED THEREBY 



The present invention relates to particle shields, e.g. for preventing contaminant 
particles from reaching a mask. More particularly, the invention relates to the application of such 
particle shields in mask handling apparatus, mask storage boxes and/ or in Lithographic projection 
apparatus comprising: 

a radiation system for supplying a projection beam of radiation; 

a support structure for supporting patterning means, the patterning means serving to 
pattern the projection beam according to a desired pattern; 
a substrate table for holding a substrate; and 

a projection system for projecting the patterned beam onto a target portion of the 
substrate. 




The term "patterning means" as here employed should be broadly interpreted as 
1 5 referring to means which can be used to endow an incoming radiation beam with a patterned 
cross section, corresponding to a pattern which is to be created in a target portion of the 
substrate. The term "hght valve" can also be used in this context. Generally, the said pattern wiU 
correspond to a particular functional layer in a device being created in the target portion, such as 
an integrated circuit or other device (see below). Examples of such patterning means include: 

A mask. The concept of a mask is well known in Lithography, and it includes mask types 
such as binary, alternating phase shift, and attenuated phase shift, as weU as various 
hybrid mask types. Placement of such a mask in the radiation beam causes selective 
transmission (in the case of a transmissive mask) or reflection (in the case of a reflective 
mask) of the radiation impinging on the mask, according to the pattern on the mask. In 
25 die case of a mask, the support structure wiU generally be a mask table, which ensures 

that the mask can be held at a desired position in the incoming radiation beam, and that it 
can be moved relative to the beam if so desired. 

A programmable mirror array. An example of such a device is a matrix addressable 
surface having a viscoelastic control layer and a reflective surface. The basic principle 
30 behind such an apparatus is that (for example) addressed areas of the reflective surface 

reflect incident light as diffracted light, whereas unaddressed areas reflect incident Hght as 
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undiffracted light. Using an appropriate filter, the said undiffracted light can be filtered 
out of the reflected beam, leaving only the diffracted Hght behind; in this manner, the 
beam becomes patterned according to the addressing pattern of the matrix addressable 
surface. The required matrix addressing can be performed using suitable electronic 
means. More information on such mirror arrays can be gleaned, for example, from 
Umted States Patents US 5,296,891 and US 5,523,193, which are incorporated herein by 
reference. In the case of a programmable mirror array, die said support strucmre may be 
embodied as a frame or table, for example, which may be fixed or movable as required. 
A programmable LCD array. An example of such a construction is given m United States 
Patent US 5,229,872, which is incorporated herein by reference. As above, die support 
strucmre in this case may be embodied as a frame or table, for example, which may be 
fixed or movable as required. 
For purposes of simpUcity, the rest of this text may, at certain locations, specificaUy direct itself to 
examples involving a mask and mask table; however, the general principles discussed in such 
15 instances should be seen in the broader context of die patterning means as here above set forth. 

Lithographic projection apparatus can be used, for example, in the manufacture of 
integrated circuits (ICs). In such a case, the pattermng means may generate a circuit pattern 
corresponding to an individual layer of die IC. This pattern can be imaged onto a target portion 
{e.g, comprising one or more dies) on a substrate (silicon wafer) which has been coated widi a 
20 layer of radiation sensitive material (resist). In general, a single wafer will contain a whole network 
of adjacent target portions, which are successively irradiated via die projection system, one at a 
time. In current apparatus, employing patterning by a mask on a mask table, a distinction can be 
made between two different types of machine. In one type of Hdiographic projection apparatus, 
each target portion is irradiated by exposing the entire mask pattern onto die target portion m 
25 one go. Such an apparatus is commonly referred to as a wafer stepper. In an alternative apparatus 
- commonly referred to as a step-and-scan apparatus - each target portion is irradiated by 
progressively scanning the mask pattern under the projection beam in a given reference direction 
(the "scanning" direction) while synchronously scanning the substrate table parallel or anti- 
parallel to this direction; since, in general, the projection system will have a magnification factor 
30 M (generally < 1), the speed V at which the substrate table is scanned will be a factor M times 

that at which the mask table is scanned. More information with regard to Hdiographic devices as 
here described can be gleaned, for example, from US 6,046,792, incorporated herein by reference. 

In a manufacturing process using a lithographic projection apparatus, a pattern (e.g. in a 
mask) is imaged onto a substrate which is at least partiaUy covered by a layer of radiation sensiuve 
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material (resist). Prior to this imaging step, the substrate may undergo various procedures, such as 
priming, resist coating and a soft bake. After exposure, the substrate may be subjected to other 
procedures, such as a post exposure bake (FEB), development, a hard bake and 
measurement/inspection of the imaged features. This array of procedures is used as a basis to 
pattern an individual layer of a device, e.g. an IC. Such a patterned layer may then undergo 
various processes such as etching, ion implantation (dopmg), metallization, oxidation, chemo- 
mechamcal poHshing, etc., aU intended to finish off an individual layer. If several layers are 
required, then the whole procedure or a variant thereof, wiU have to be repeated for each new 
layer. EvenmaUy, an array of devices will be present on the substrate (wafer). These devices are 
then separated from one another by a technique such as dicing or sawmg, whence die individual 
devices can be mounted on a carrier, connected to pins, etc. Furtiier information regarding such 
processes can be obtained, for example, from the book Microchip Fabricatzon: A Practical Guide to 
Semiconductor Processing, Third Edition, by Peter van Zant, McGraw HiU PubHshmg Co., 1997, 
ISBN 0-07-067250-4, incorporated herein by reference. 

In a lithographic projection apparams, it is necessary to prevent any stray particles, 
which may be present in die apparams from reaching, and becoming smck to, tiie mask as tiiey 
will then be imaged on the substrate and can be printed in the final device. Too high a level of 
contamination of the mask can lead to defective devices and the masks cannot generaUy be 
cleaned, or if cleanable can only be cleaned a limited number of times. In a Htiiographic 
projection apparatus using relatively long wavelengtii ultraviolet radiation, particles are prevented 
from reaching tiie mask by a pellicle. A peUicle is a diin membrane transparent to the radiation 
used in the projection beam of the Hthographic apparatus and located paraUel to but spaced from 
the mask. Contammant particles moving towards the mask contact and stick to the pellicle. To 
ensure tiiat tiie particles stuck to the pellicle are not printed on die substrate, die pellicle is spaced 
from the mask by a distance greater than the depth of focus at mask level. 

However, it is not at present possible to provide a pellicle in a lithographic projection 
apparatus using UV radiation of 193nm or 157nm or extreme ultraviolet radiation for die 
exposure beam. Almost aU materials are strongly absorptive of EUV radiation and a conventional 
membrane peUicle would have to be no more dian about 30nm duck m order not to cause 
unacceptable absorption of die projection beam. A membrane of this tiiickness would not have a 
sufficient Ufetime in both a vacuum, during operation of the apparams and atmospheric 
environment, during installation and service. Other stresses, such as optical stress and 
temperamre variance would also likely destroy such a diin membrane very quickly. 
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An alternative approach to a separate pellicle membrane is to form a cap layer, again 
transparent to the exposure radiation, directiy onto the mask. To be effective, the cap layer would 
need to be thicker than the depth of focus at mask level. The depth of focus at mask level is 
given by: 



DOF = k 



(1) 



m 



where 'k is the wavelength of the EUV radiation, NA the numerical aperture at wafer level, M the 
magnification of the projection optics and k2 a constant which is typically near 1. For EUV 
10 radiation of 13.5nm, a numerical aperture of 0.25 and a magnification M of 1/5, the depth of 
focus at mask level is approximately 2.7|Lim. The effect of such a layer on an EUV projection 
beam would be excessive. The transmission, T, of radiation through a material with thickness d is 
given by: 



^0 15 r = exp 



'.r.:::3r 



V a) 



(2) 



where a is the attenuation length of the material (i.e. the length over which the intensity drops by 
a factor of 1/e). Even for a material which is relatively transparent to radiation at 13.5nm, the 

attenuation length is about 0.6|Lim. Accordingly, a cap layer of thickness 2.7jum would absorb 

20 about 99% of aU EUV radiation. 

Furthermore, when shorter wavelength radiation is used for the projection beam, the 
sensitivity to contaminants is increased. At EUV wavelengths, a contaminant particle of only 
50nm diameter can lead to a faulty image. The need to keep the mask and other optical elements 
clear of contaminant particles is therefore extremely great. 

25 Yet further, the projection beam of radiation in a lithographic projection apparatus may 

cause electrons to be freed from any surface on which it is incident. The surfaces which the beam 
of radiadon is incident on include mirrors in the radiation system and the projection system as 
well as the substrate, sensors and the patterning means. Freed electrons in turn may break the 
bonds in water and hydrocarbon molecules present on the surfaces, resulting in reactive 

30 contaminants that cause damage to the surface. OH, in particular seems to cause substantial 

damage. Furthermore, the decomposition of the molecule does not absorb the stray electrons, 
which can then return to the surface and cause further damage on the surface. 
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It is an object of the present invention to provide a particle shield which is effective in 
mask handling apparatus and a Uthographic projection apparatus using radiation of wavelength 
i less than 200nm, and especially extreme ultraviolet radiation, to prevent particles reaching the 
mask or any other component which requires protection from contamination, whilst avoiding 
unacceptable attenuation of the projection beam. 

According to the present invention there is provided a lithographic projection apparatus 
comprising: 

) a radiation system for supplying a projection beam of radiadon; 

a support structure for supporting patterning means, the patterning means serving to 
pattern the projection beam according to a devised pattern; 
a substrate table for holding a substrate; and 

a projection system for projecting the patterned beam onto a target portion of the 
) substrate; characterized by 

a particle shield for generating an electromagnetic field so as to prevent particles to 
become incident on an object to be shielded. 

The particle shield may generate a substantially uniform (purely) electric field, generally 
transverse to the direction of particles approaching the shielded object, so as to exert a force on 
) all charged particles which will deflect them away from the object to be shielded. Although such a 
uniform electric field may not deflect neutral particles, the radiation of the projection beam in a 
lithographic apparatus, which is the principle source of energy for airborne particles in a 
lithographic apparatus, is strongly ionizing so that any particles likely to cause problems will 
almost certainly be charged and will generally have a charge many times the charge of an electron. 
3 A substantially uniform electric field can conveniendy be generated using a capacitor like 
arrangement of conductive plates. 

The particle shield may, alternatively or in addition, generate a non-uniform electric field 
so as to induce a dipole moment in neutral particles and then attract those particles in addition to 
charged particles. A non-uniform electric field can conveniendy be generated using a charged 
) elongate member. 

The particle shield may further generate an alternating, or other time varying field, 
instead of or in addition to the uniform or non-uniform static fields. 

The particle shield may also, again alternatively or in addition to the uniform or non- 
uniform electric fields, generate a transverse radiation beam (i.e. oscillating electric and magnetic 
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fields), or optical breeze, which will transfer transverse momentum to particles entering the 
transverse beam and absorbing photons from it. The radiation wavelength can be chosen so as to 
be absorbed by aU expected particles but not expose the resist should any stray radiation reach 
substrate level. 

The particle shield can also be a radiation source directing ionizing radiation, e.g. 
suitably short wavelength electromagnetic radiation or an electron beam, across the front of the 
object to be shielded. With such an arrangement the object to be shielded can be charged 
positively, to repel positively charged ions, compared to its surroundings, and/or relatively 
negative coUection plates can be provided to attract positively charged ions. This arrangement 
ensures protection of the object to be shielded even when the main projection beam is off 

The object to be shielded is preferably a mask, since particles adhering to die mask are 
most detrimental to the quaHty of the projected image, but may also be a mirror or other element 
in the illumination or projection systems. Pardcles incident on, and possibly chemicaUy reacting 
with, such elements may cause a loss in the reflectivity and therefore errors in the illumination 

..E: 1 5 dose received at the substrate. 

By using electromagnetic fields ratiier than a physical barrier, the particle shield of the 
present invention performs its function without any attenuation of the projection beam. 

In a further aspect the invention provides a mask handling device comprising a chamber 
for enclosing a mask during handling, transportation or storage thereof; and a parucle shield for 

f 5 U 

I d 20 preventing or reducing the contamination of at least the patterned surface of said mask by 

particles. Said particle shield may comprise a means for generating an electromagnetic field so as 
to prevent particles to become incident on at least the patterned surface of said mask. 

The present invention also provides a device manufacturing metiiod comprising die 

steps of: 

25 providing a substrate which is at least partially covered by a layer of radiation sensitive 

material to said second object table; 

providing a projection beam of radiation using a radiation system; 

using patterning means to endow die projection beam with a pattern in its cross section; 
projecting the patterned beam of radiation onto a target portion of die layer of radiation 

30 sensitive material; characterized by the step of 

generating an electromagnetic field so as to prevent particles to become incident on an 

object to be shielded. 

Although specific reference may be made in this text to die use of die apparatus 
according to die invention in die manufacture of ICs, it should be expHcidy understood diat such 
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an apparatus has many other possible appUcations. For example, it may be employed in the 
manufacture of integrated opdcal systems, guidance and detection patterns for magnetic domain 
memories, liquid cr>'stal display panels, thin-film magnetic heads, etc. The skilled artisan will 
appreciate that, in the context of such alternative appHcations, any use of the terms "reticle", 
"wafer" or "die" in tius text should be considered as being replaced by the more general terms 
"mask", "substrate" and "target portion", respectively. 

In die present document, unless the context odierwise requires die terms "radiation" 
and "beam" are used to encompass aU types of electromagnetic radiation, including ultraviolet 
radiation {e.g. widi a wavelength of 365nm. 248nm, 193nm, 157nm or 126nm) and EUV (extreme 
ultraviolet radiation, e.g. having a wavelengdi in die range 5nm to 20nm). 
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The present invention and its attendant advantages will be described below widi 
reference to exemplary embodiments and the accompanying schematic drawings, in which: 

Figure 1 depicts a Hdiographic projection apparatus according to a first embodiment of 
the invention; 

Figure 2 is a diagram of a particle shield in the first embodiment of die present 



invention; 



Figure 3 is a diagram of a particle shield in a second embodiment of die present 



!.=] 20 invention; 



Figure 4 is a diagram showing die induced dipole moment in a neutral particle; 

Figure 5 is a diagram of a particle shield in a diird embodiment of die present invention; 

Figure 6 is a diagram of a particle shield in a fourdi embodiment of die present 



25 



30 



invention; 

Figure 7 is a diagram of a particle shield in a fifdi embodiment of die present invention; 
Figure 8 is a diagram of a particle shield in a skdi embodiment of die present invention; 
Figure 9 is a diagram of a particle shield in a sevendi embodiment of die present 
invention; 

Figures 10, 11 and 12 are a perspective views of three variants of the seventh 
embodiment; 

Figure 13 IS a diagram of relevant parts of a Uthographic apparams incorporating particle 
shields according to a eighth embodiment of the present invention; 

Figure 14 is a diagram of a particle shield in an nindi embodiment of die present 



invention; 
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Figure 15 is a diagram of a particle shield in a variant of the ninth embodiment of the 
J\nresent invention; 

^ / Figure 16 is a diagram of a particle trap in a tenth embodiment of the present invention; 



Figure 17 is a diagram of a vacuum seal incorporating a particle shield according to a 
thirteenth embodiment of the present invention; 

Figure 18 is a partial cross-sectional view of a mask storage box according to a 
fourteenth embodiment of the invention; and 

Figure 19 is a partial cross-section of a fifteenth embodiment of the invention. 

In the various drawings, like parts are indicated by Uke references. 



Embodiment 1 

Figure 1 schematically depicts a lithographic projection apparatus according to a 
particular embodiment of the invention. The apparatus comprises: 

a radiation system Ex, IL, for supplying a projection beam PB of radiation {e,g. EUV 
radiation), which in this particular case also comprises a radiation source LA; 

a furst object table (mask table) MT provided with a mask holder for holdmg a mask MA 
{e.g. a reticle), and connected to first positioning means PM for accurately positiomng the mask 

with respect to item PL; 

a second object table (substrate table) WT provided with a substrate holder for holding a 
substrate W {e,g. a resist coated siUcon wafer), and connected to second positioning means PW 
for accurately positioning the substrate with respect to item PL; 

a projection system ("lens") PL {e.g. a mirror system) for imaging an irradiated portion of 
the mask MA onto a target portion C {e.g. comprising one or more dies) of the substrate W. 
As here depicted, the apparatus is of a reflective type {i.e. has a reflective mask). However, in 
general, it may also be of a transmissive type, for example (with a transmissive mask). 
Alternatively, the apparams may employ another kind of patterning means, such as a 
programmable mirror array of a type as referred to above. 

The source LA {e.g. a discharge or laser produced plasma source) produces a beam of 
radiation. This beam is fed into an illumination system (illuminator) IL, either direcdy or after 
having traversed conditioning means, such as a beam expander Ex, for example. The illutninator 
IL may comprise adjusting means AM for setting the outer and/or inner radial extent (commonly 
referred to as a-outer and a-inner, respectively) of the intensity distribution in the beam. In 
addition, it will generally comprise various other components, such as an integrator IN and a 
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condenser CO. In this way, the beam PB impinging on the mask MA has a desired intensit}^ 
distribution in its cross-section. 

It should be noted with regard to Figure 1 that the source LA may be within the 
housing of the lithographic projection apparatus (as is often the case when the source LA is a 
5 mercury lamp, for example), but that it may also be remote from the Lithographic projection 

apparatus, the radiation beam which it produces being led into the apparatus (e.g. with the aid of 
suitable directing mirrors); this latter scenario is often the case when the source LA is an excimer 
laser. The current invention and Claims encompass both of these scenarios. 

The beam PB subsequendy intercepts the mask MA, which is held on a mask table MT. 
10 Having been selectively reflected by the mask MA, the beam PB passes through the lens PL, 
which focuses the beam PB onto a target portion C of the substrate W. With the aid of the 
second positioning means PW (and interferometric measuring means IF), the substrate table WT 
can be moved accurately, e.g. so as to position different target portions C in the path of the beam 
PB. Similarly, the first positioning means PM can be used to accurately position the mask MA 
£ 15 with respect to the path of the beam PB, e.g. after mechanical retrieval of the mask MA from a 

mask library, or during a scan. In general, movement of the object tables MT, WT will be realized 
with the aid of a long-stroke module (course positioning) and a short-stroke module (fine 
positioning), which are not explicidy depicted in Figure 1. However, in the case of a wafer 
stepper (as opposed to a step-and-scan apparatus) the mask table MT may just be connected to a 
LJ 20 short stroke actuator, or may be fixed. 

The depicted apparatus can be used in two different modes: 

1. In step mode, the mask table MT is kept essentially stationary, and an entire mask image 
is projected in one go {i.e. a single "flash") onto a target portion C. The substrate table WT is 
then shifted in the x and/or y directions so that a different target portion C can be irradiated by 

25 the beam PB; 

2. In scan mode, essentially the same scenario applies, except that a given target portion C is 
not exposed in a single "flash". Instead, the mask table MT is movable in a given direction (the 
so called "scan direction", e.g. the y direction) with a speed v, so that the projection beam PB is 
caused to scan over a mask image. Concurrentiy, the substrate table WT is simultaneously moved 

30 in the same or opposite direction at a speed V = Mv, in which M is the magnification of the lens 
PL (typically, M = 1/4 or 1/5). In this manner, a relatively large target portion C can be exposed, 
without having to compromise on resolution. 

Figure 2 shows an electrostatic particle shield 10 provided in the vicinity of mask MA. 
The particle shield 10 of the invention may be attached to the mask holder, mask table MT, a 
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frame of the apparatus or any other suitable means, rather than the mask itself, as are 
conventional pellicles. It will be seen that the mask MA is reflective and disposed generally 
horizontally with the reflecting surface facing downward. The incident projection beam PBi is 
directed from the illumination system IL generally upwardly onto the mask MA and the reflected 
projection beam PBr is then reflected downwards to the projection system PL. As the operative 
surface of the mask faces downwards, gravit}^ will tend to keep particles present in the apparatus 
away from the mask. However the powerful EUV projection beam provides energy to particles in 
its path which can enable them to overcome gravity. In particular, photons in the incident 
projection beam PBi colliding with particles will impart a generally upward momentum. Thus, 
contaminant particles can be driven towards the mask MA where they will cause undesirable 
contamination. Brownian motion of contaminant particles also yields a direction of motion 
towards the mask or another sensitive object. Moving parts of the apparams can also both create 
contaminant particles and provide transport energy to overcome gravity. 

To prevent this, the electrostatic particle shield 10 comprises two capacitor like plates 
11, 12 placed perpendicular to the mask on either side of it. The plates 11, 12 are oppositely 
charged so as to establish an electric field E between them. Assuming that the area of the plates 

11, 12 is substantially greater than their separation, the electric field, E, is given by: 

V 

E=^ (3) 
a 

where V is the voltage across the capacitor. In an embodiment of the present invention, the 
separation, d, may be about 300mm, approximately twice the width of a mask, and the potential 
difference between plates 11,12 may be about lOkV. This gives an electric field of 33kV/m. 

The force exerted on a charged particle in the electric field between capacitor plates 1 1 , 

12, is equal to the product of the charge on the particle and the electric field strength, £. In an 
operating lithographic apparatus using EUV exposure radiation it can be assumed that any 
particles entering the projection beam will become rapidly ionized. The energy of an EUV 
photon is 92eV compared to an ionization energy of the order of only a few eVs. A particle of 
20nm diameter in a projection beam having a t)^pical power density of 8kW/m^ will be impacted 
by about 1.7 x 10^ photons per second and wiQ thus very likely be multiply ionized. For a singly 
ionized particle, the worst case, the force exerted on the particle will be about 5.3 x 10^^ N. It can 
be shown that this force is sufficient to prevent such particles reaching the mask. The time, 
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taken for a particle to move from one capacitor plate to the other, the worst case situation, is 
given by: 



/ = 



7.d m 



(4) 



where m is the mass of the particle and F the electrical force. Table 1 below gives the transit time 
for various different sizes of particle, assuming a spherical particle having a density p equal to 
2,000kg/m\ 



Particle Size 


Time 


20nm 


0.1ms 


lOOnm 


1 1ms 


500nm 


0.11s 


l^im 


0.35s 



In the worst case, a particle ejected from a metal part in the apparatus, e.g. following a 
collision, could be moving at maximum at the speed of sound in the metal, e.g. about 5,000m/s. 
A particle of 20nm diameter moving at this speed dirough the capacitor will be deflected if die 
height, h, of die capacitor plates 1 1, 12 is about 500mm and less at lower speeds. This is the case 
even if the particle is only minimally charged. It should also be noted that, due to their 
substantially higher charge to mass ratios, any ions or charged molecules would be very quickly 
deflected by the electrostatic particle shield 10. 

In a variant of the first embodiment, an alternating voltage is provided between 
electrodes 11 and 12 to generate a plasma that is confined between the electrodes and serves as a 
barrier to contaminant particles approaching die mask MA. Neutral particles approaching die 
plasma will rapidly become ionized and trapped in die plasma. The plasma may be formed in a 
atmosphere of an inert gas, e.g. Argon, at a pressure of die order of 1 mbar. The alternating 
voltage may be such as to estabUsh a field strengdi of about 100 to 500 V/cm and may have a 
frequency of about 1 to 10 MHz. 



Embodiment 2 
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A second embodiment of the present invention, which may be the same as the first 
embodiment save as described below, includes an electrostatic particle shield 20 making use of a 
non-uniform electric field, which may prove more efficient. 

The electrostatic particle shield 20 of the second embodiment of the invention is shown 
in Figure 3. An elongate charged member 21 is placed perpendicular to and to one side of die 
mask MA, adjacent the volume traversed by the incident and reflected projection beams PBi, 
PBr. A single charged member, as opposed to a pair of charged plated formmg a capacitor, forms 
a non-uniform electric field, which induces a dipole in neutral molecules and particles and then 
exerts a force on the dipole. A non-uniform electric field will also exert a force on polar 
molecules and so will capture these as weU as neutral molecules or particles in which a dipole 
moment is induced. The force exerted on a dipole is given by: 



where p is the induced dipole moment of die particle. The elongate charged member 21 can be 
approximated as a cylinder with a charge per unit length of the cylinder of ;X:oulomb/m. This 
will induce an electric field given by. 



(5) 



E(r)= ^ 



(6) 



where F is a position vector in an arbitrary coordinate system, r is the distance to the center of 
the cylinder, and E„ is the dielectric constant in vacuum. The electric field inside a sphere with 
dielectric constant s is given by. 



£■-1-2 



whilst the electric field which is induced by displaced charges inside die particle is given by: 



^ + 2 



(8) 
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The polarization P is defined as the dipole moment per unit volume and given by: 

e-l ^ c-/ \ (9) 

5 for a particle at a distance r from the center of the charged cylinder so that the particle having a 
radius r can be replaced by a dipole with a moment, p, given by: 



£+2 

10 The particle can dius be regarded as charges +j2, -j2 separated by Uvice the radius of the 
3 particle, as shown in Figure 4. The magnitude of die charges j2 is given by: 



^ + 2 ^ + 2 r 



5 15 From this, the force on the dipole can be expressed as: 



^ ^r7/ ^ N -Sy" .g/" (12) 

which can be approximated, when the particle radius is smaU compared to die distance from the 
20 elongate charge member 21, as: 

~2KE..r' r 7te.,r £ + 2 n e,,r 



Because diis force is dependent on the cube of the particle radius, the acceleration experienced by 
25 particles is independent of size. For a particle of density, equal to 2,000kg/m^ and a charge 
densit)S //, of lO^Coulomb/m, the time to travel over a distance of about 1 50mm, the size of a 
mask, for different dielectric constants, e, is given in Table 2 below: 
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c 


Time (s) 


2 


224 


3 


177 


5 


158 


00 (metal particles) 


112 



Although it does take a significant tmie for. the particles to reach the charged member 



21, the non-uniform field will effectively capture neutral particles in the apparatus since the non- 
uniform field can be arranged to extend for a distance several times die mask width in front of 
the mask, allowing plenty of time for the particles to be deflected. 



Embodiment 3 

A third embodiment of the present invention, which may be the same as the first or 
second embodiment save as described below, employs an optical particle shield which creates an 
optical breeze to deflect contaminant particles. 

The third embodiment is shown in Figure 5 and comprises radiation source 31 which 
emits high intensity shielding beams 32 of electromagnetic radiation parallel to the mask MA and 
across tiie space in front of it. The radiation source 31 can be any suitable source, or array of 
sources, witii appropriate collimating and/or directing means to direct tiie beam across the 
required space whilst minimizing generation of stray Ught outside the desired area. A beam 
absorber 33 may be placed on the odier side of die space in front of die mask MA to absorb the 
shielding radiation and prevent reflections. The photons of the shielding beams 32 carry 
momentum m, which will be transferred to any particle which absorbs photons from tiie beams 
32. The wavelengdi of the Ught in die particle shield 30 is tiierefore chosen to be absorbed by aU 
particles expected. The wavelengdi may also be chosen as one to which die resist used is not 
sensitive so tiiat any stray light, which does reach die substrate, does not expose die resist. 
The pressure exerted by a radiation beam of intensity I per m^ is given by: 



P =L 

^ BEAM 

C 



(14) 
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where c is the velocity of Ught (3 x lOV/s). The acceleration of a spherical particle with radius 
and densit)^ p is given by: 



3/ 



a 



breeze 



4cr^ p 



(15) 



which is constant with time so that the time required to travel over a distance d is given by: 



2d 

^ breeze V 



Sdcro 



(16) 



31 



10 



' ii I; 
us.;:; 



15 



The time taken for particles of various sizes to travel over a distance of 150mm, the approximate 
size of a mask, are given in Table 3 below, assuming a particle density, p, of 2,000kg/m' and an 
intensity of 8kW/ m^. 





Particle Size (nm) 


Time (s) 




10 


0.4 


i ■ !' 


25 


0.6 




50 


0.9 


\ IJi 


100 


1.8 



Again, if die optical particle shield 30 is arranged to extend over a substantial distance in front of 
die mask MA, a significant deflection can be achieved. In particular, die optical particle shield can 
be arranged to have a similar radiation intensity to the projection beam PB so diat the deflection 
force exerted by the optical shield is comparable to die force exerted by die projection beam 
tending to lift the particles towards the mask MA. 



20 



25 



Embodiment 4 

In a fourdi embodiment, which may be die same as die first to diird embodiments save 
as described below, additional ionizing radiation is provided in front of die element to be 
protected which is itself charged to repel ions approaching it. 

Figure 6 shows ionizing radiation source 41, which directs a transverse beam 42 of 
ionizmg radiation across die region in front of die element to be protected, in diis case mask MA. 
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The beam 42 has a thickness, /, perpendicular to the functional surface of the mask MA which is 
sufficiendy large to ensure ionization, preferably multiple ionization, of most or aU atoms 
approaching die mask MA. The wavelengdi of die radiation should be short (energetic) enough 
to ensure iomzation of all atoms expected, and dius should preferably be shorter dian 200nm 
(6.2eV). For example, an He discharge lamp emitting 59nm radiation (21 eV) is suitable. Such 
sources are generaUy pulsed and in that case should have a repetition rate fast enough to irradiate 
aU atoms passing through the protective region. For example, a repetition rate of 4kHz may be 
used widi a beam widtii of 100mm. A gas molecule moving at 400ms-\ a typical speed at room 
temperature, will traverse the shield in a minimum of 0.25ms and tiius will be illummated by at 
least one pulse. 



Embodiment 5 

The fifth embodiment, shown in Figure 7, is a variant of the fourth embodiment. In the 
fifth embodiment, collector plates 43, which are negatively charged relative to die mask MA, are 
added to increase the shielding effect. The coUector plates 43 are simated on die other side of the 
protective beam 42 than tiie mask MA and serve to attract the positively charged ions repelled by 
the relatively positive mask MA. 



Embodiment 6 

The sixth embodiment shown in Figure 8, is a variant of die fifdi embodiment but reHes 
on the projection beam PB to ionize any contaminants approachmg die mask MA. In this 
embodiment die coUector shield 43 can be positioned closer to die mask and die padi of die 
projection beam PB. 



Embodiment 7 

In a seventh embodiment, which may be die same as die previous embodiments save 
described below, a mesh (or grid) is provided at some distance from an object to be shielded s< 
as to attract electrons that are freed from the object due to radiation incident on it. 

Figure 9 shows a cross section of object O on the surface OS of which a beam of 
radiation BR is incident. The object O may be a substrate W, a pattermng means such as 
mask MA, or a mirror within the radiation system IL or die projection system PL. The beam c 



P-0204.020 - ^"^ ' 

radiation BR causes electrons . to be l.berated frotn the surface OS of the object O. Mesh M is 
located substantially paraUel to and at some distance from the surface OS of the object O. 
Voltage source VS is connected to the mesh M and appUes a predetermined positive voltage to 
the mesh. Object O is electrically connected to ground potential. As a result the Uberated 
electrons . are attracted to and collected by the mesh M. Object O may also be negatively biased 
to repel electrons. 

Figure 10 shows die mesh M in perspective. In tiiis case, the mesh is comprised of a 
plurality of parallel wires Mw. The diickness d3 of each of the wures is substantially smaUer than 
the distance dl between adjacent wires. This ensures that the mesh does not obscure the beam of 
radiation. Furthermore, the distance dl between adjacent wires is smaller than the distance d2 of 
the wires from the surface la of the object O. This ensures that the electrical field from die wires 
to the surface is approximately uniform. 

A suitable size range for the wires Mw is a thickness d3 of 2 ^m to 10 ^im. The wires 
are typically formed from a conductor such as tungsten, molybdenum, copper or zirconium. A 
particular advantage of zirconium is that it is relatively transparent to EUV. The distance dl 
between the wires and the distance d2 of the wires from the surface OS are bodi typicaUy of the 
order of 1 cm. 

Figures 11 and 12 show die mesh in use with a curved object O. In Figure 11, the mesh 
M is curved such diat it approximately follows die curve of die object O. In Figure 12, die 
mesh M IS substantiaUy planar. Aldiough it is possible for die mesh to follow die curvature of die 
object O, it IS not necessary. In some situations, it may not be possible to position die wires of 

the mesh to form a curve. 

Whilst in die above description die mesh has been described as being comprised of a 

pluraUt>' of parallel wires, it will be appreciated diat a variety of patterns may be used 
advantageously. In particular, there may be situations in which anchormg points for die wires of 
the mesh are limited, necessitating a different pattern. 

Mesh M according to die sevendi embodiment may advantageously be employed in 
combination widi any one of die previous or subsequent embodiments. In such a case, die 
electrical field in between an object such as mask MA and mesh M will prevent freed electrons 
from falling back onto die mask and have diem coUected by the mesh. Positively charged 
particles (for instance, particles ionized by ionizing radiation) approaching die mask MA (or any 
object O in general) will be repelled or slowed down by the positive bias of die mesh and become 
deflected as described for die previous embodiments or as will be described fiirdier below. Mesh 
M will be positioned in between object MA and any of die above elements 11, 12, 21, 31 and 33. 
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The electromagnetic shield will therefore be made up of several adjacent shielding 

electromagnetic (or purely electric) fields. 

Figure 9 further shows a sensing means AM to measure an electrical current induced by 
the coUected electrons. The electrons freed by die photoelectric effect due to incident radiauon 
from the projection beam and subsequentiy collected by the mesh M may be used as a measure 
for the intensity or dose of radiation or as a contamination monitor for the surface of object O. 
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Embodiment 8 

Figure 13 shows part of the illummation system IL, the mask MA and the projection 
system PL of a Uthographic apparatus according to an eighth embodiment of the present 
mvention, which is the same as the first embodiment save as described below. 

In the eightii embodiment, a mirror box 140 partiaUy encloses mirrors 142 formmg the 
projection system PL and mirrors 143 formmg at least part of die illumination system IL. The 
mirror box 140 may also be referred to as die projection optics box. According to the invention, 
the mirror box 140 is provided with electrodes 141 on most of its surfaces, mternal and external. 
The electrodes 41 may be formed as conductive coatings on the surfaces of die mirror box 140. 
In use of the apparatus, the electrodes 141 are connected to a power supply 144 (e.g. 5 Volts) so 
tiiat tiiey become charged either positively or negatively. The mask MA or any odier object 
(mirrors) to be shielded or some furdier electrodes are preferably eartiied or connected to such 
an electrical potential as to generate a shielding electric field. 

When die apparatus is m use, die mirror box 140 and die mirrors or odier optical 
elements enclosed widnn it will be under vacuum (m some cases the mirror box 140 may form 
part of die vacuum chamber wall) and die charged electrodes 141 serve to attract particulates 
remaming m die vacuum system. Once die particulates have been attracted to and coUide widi 
die electrodes 141 diey will tend to stick diereto and dius die amount of particulate 

contamination of the vacuum is reduced. 

Preferably, as much free surface area as possible is provided with electrodes to maxmiize 
capturmg of particulates in die vacuum. As weU as die mirror box 140, capture electrodes can be 
provided on any suitable surface of the vacuum system, for example the rear surfaces of mirrors 
and odier reflective optical elements. A preferable mimmum is to provide all suitable surfaces 
facmg and close to the mask widi conducuve electrodes. In die event diat the mirror box 140 is 
conductive and any sensitive components attached to it can be insulated, it would be possible to 
charge die mirror box 140 itself to form the particle trap electrodes. 
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Figure 13 further shows an arrow indicating a flow of gas towards a vacuum pump VP 
for evacuating the mirror box 140. 



Embodiment 9 

A ninth embodiment of the invention provides a particle shield or trap which is shown 
in Figure 14 and can be used m a Hthographic apparatus such as described with relation to die 
first embodiment or in a mask handUng or transport apparams, a mask storage box or an 

apparatus such as a mask writer. 

The particle shield 50 of die ninth embodiment comprises a one- or two-dimensional 
grid or array of electrodes, 51 , 52 which is disposed in proximity to the pattern side P of the mask 
MA. When the particle shield 50 is used m a mask handhng apparams or mask storage box it can 
cover the entire surface area of the pattern P. In a Uthographic apparams, the particle shield is 
either moved out of the way for exposures or provided with a slit corresponding to the 
Ulummated area. To prevent smaU particles reaching the pattern side of die mask MA, adjacent 
ones of the electrodes 51, 52 are charged to opposite polarities by power source 53. This 
estabUshes electrostatic fields between the adjacent electrodes, which attract positive and 
negatively charged particles to die oppositely charged electrodes. It should be noted that die 
electrodes need not be continuously connected to die power supply. If diey are weU msulated and 
kept in a vacuum, sufficient charge may be retained by die electrodes to protect die mask MA for 
a period of time after die power supply has been disconnected. 

Figure 15 shows a modified particle shield according to die mndi embodiment. In die 
particle shield 50a die electrodes 51a, 52a are provided widi peaks or ndges so as to enhance field 
gradients m dieir vicimty and improve die particle trapping effect. 



Embodiment 10 

In die tendi embodiment which, as widi die mntii embodiment can be appUed in a 
Hdiographic projection apparams, a mask handhng apparams, a mask storage box or a device 
such as a mask writer, physical particle traps are provided. These are shown in Figure 16. 

The physical particle trap is formed in a recess 62 in a surface of a protective plate 60. 
Widun the recess 62 a pluraUty of projections 61 are provided. The projections 61 have barbs, in 
a tree like strucmre, so that parucles entering die recess are hindered by die barbs from escapmg 
and will tend to be capmred. The capmring effect can be enhanced by charging die projections 
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61 (as described in embodiment 8) and/or the base of the recess 62. Preferably, the plate 62 is 
maintained cold so that particles colliding with it will tend to lose kinetic energy, further 
enhancing the trapping effect. The recess 62 and projections 61 should be made small and can be 
manufactured using etching techniques. 



Embodiment 11 

In a eleventh embodiment, which is nc^ illustrated, particles are prevented from 
colliding widi and sticking to the mask MA inA Uthographic apparams, a mask handling 
apparams or a mask storage box by providj^ a temperamre difference between the mask and its 
surroundings. 

The temperamre difference cA be provided by providing a heater, e.g. a lamp, to heat 
the mask and/or by providing a cold^late, cooled by a suitable cooler, in the vicinity of the 
pattern surface of the mask MA. f/e presence of a cold surface near the mask reduces particle 
adherence to the mask because Xticles colliding widi die cold surface will tend to lose kinetic 
energy and hence are more Uk/ to stick to the cold surface. Heating the mask to a temperature 
higher than its surrounding o&uses a continuous thermophoretic effect. 



Embodiment 12 

In a twelfth embodiment, also not illus^d, a plate matching die mask in area may be 
positioned underneath its patterned side excep<4.rmg exposure periods. The shielding plate may 
be spaced a distance in the range of frorn^ to 20mm from the mask and may be constructed 
as a particle shield accordmg to any oi^of the ninth, tentii and eleventh embodiments. 



Embodiment 1 3 

A tiiirteentii embodiment of the invention provides a vacuum seal shown in Figure 17, 
which may be used in a vacuum chamber of a lithographic apparatus or a mask handlmg 
apparatus. 

In die diirteenth embodiment two waU parts 71, 72 partially overlap and are sealed 
togedier by a mechanical seal 73. The waUs 71, 72 separate a vacuum chamber V from ambient 
pressure A. On the vacuum side of die mechamcal seal 73, two electrodes 74. 75 are provided, 
one on waU part 71 and one on waU part 72. The electrodes 74, 75 are connected to power supply 
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76 so as to be charged to oppos.te polanties. These electrodes then serve to trap any charged 
particles that may be generated by mechamcal seal 73. Further, any one of the solutions of 
embod^ents 10 and 11 may be provided near seal 73 on the vacuum stde to trap parUcles from 

seal 73. 
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Embodiment 14 

A fourteenth embodunent of the invention provides a mask storage box m which mask 

may be stored for extended periods of time. 

A mask storage box 80, shown in part in Figure 18, comprises a main housing 81 and a 
housing bottom 82 which form an enclosed chamber in which mask MA may be stored. The 
mask MA is held in place by appropriate clamping means (not shown). The enclosed chamber 
„.ay be under vacuum or filled widi a contaminant-free inert gas. In ether case, the housing is 
closed by seal 83. Where the enclosed chamber is under vacuum, the seal 83 may incorporate 
electrodes to trap particles as described m the thirteenth embodiment. 

Also withm the enclosed chamber, a particle shield device 84 is provided. The particle 
shield device 84 serves to trap particles that may be present in the enclosed chamber or otherwise 
prevent them reaching the mask MA, particularly the patterned surface thereof, and may be 
constructed as described above in relation to any or the first to eleventh embodiments. Where 
die particle shield 84 requires power, this may be provided from a power source mcluded m the 
mask storage box 80 or an external power source. Preferably, the parucle shield is arranged to be 
powered from an external source during long-term storage but is also provided with a, preferably 
rechargeable, internal power source to maintain the parUcle shield 84 operational during 



transportation. 
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Embodiment 1 5 

Figure 19 shows yet another embodiment of the invention. It shows a tube 150 in which 
an electric field is generated by electrodes 141. Tube 150 may be connected to a vacuum 
30 pump W for evacuating a vacuum chamber V to which die other end of tube 150 is connected. 
Negatively-charged electrodes are arranged at the inside of mbe 1 50 to transport particles out of 
chamber V is which one or more objects to be shielded are located. The tube may be located at 
the left-hand side of the mirror box 140 shown in figure 13. However, it may also be connected 
to some mask-handling apparatus, for mstance, one in which a mask is cleaned before use in a 
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projection apparatus. Particles released from the patterned surface of the mask may then be 
extracted by electric fields through a tube 150. An ionizing beam 42 of radiation may optionally 
be employed. Any configuration of electrodes extracted particles out of space V, for instance, as 
discussed for previous embodiments, is appropriate and is not limited to the one shown in 
Figure 19. 



Whilst we have described above specific embodiments of die invention it will be 
appreciated diat die invention may be practiced otherwise dian described. The description is not 
intended to Umit the invention. In particular, it will be appreciated diat die particle shields of die 
different embodiments may be combined so that a particle shield according to the invention may 
make use of any one or mote of: a uniform electiic field, a non-uniform electric field, an optical 
breeze, ionizing radiation and charging of die object to be shielded. The invention can be used m 
Udiography apparatus using any form of projection beam, especiaUy but not exclusively having a 
wavelengdi less dian about 200nm, for instance, 193nm, 157nm or EUV radiation (e.g. having a 
wavelength in die range of 8 to 20nm, especially 9 to 16nm). 



